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wllcrc c i s  :1 co]lstarlt, arid //ij arl(l o:’,j ale tllc  ]rlcall :Irl(l vwial] ccl ]t,.slJ~mti\(,ly,  [~f LIIc ji,ll clcr[lctlt,  of

tllc I)aril]llrtcr vcct(~t  .r f o r  class i. ‘I’l Ic (;all Ssiilrl  a~~lrllll)tio[ slIol]l(l I)( r(;lwlll:,l,ly accllrat~ for rild[ly

look” (I:lt{i. ‘I’l Ic (Iiilp,ollill cov:iriaricc  Illatrix awur[l])li{,[l tori I)( :l])]~rc)xirll:,ltly bdtisficd if [II( ],:ira]l]ctcrs

a r c  cllosrr] }Irc}i)crly. ‘J’tlis  i s  tlIc cas(  f o r  tlIc ])arar]]{t~rs Irsc]rl tllc rlcxl S,jti(]rl. ‘I’l Ic MAl) clw+ificr

i s  il!illl(rl]crltc(l I)y first firl(lir]~, f(.Yll, ). I f  1, i s  f[~url(!  l~y ]ilaxirl]i7irlp, ttli i’lrllcti(~]l alorlc, tllc result i s

ttlc ]Il:ixirllllrtl Ii!iclillo(ld (Mll) sollrtiorl. ‘J’11(  hlA1’ s(ll(]tit-~rl  i .  tllc]l fol]rl(l II! (Isi]lp, tile Ml, s(,l~ltiorl a.s

tlIc il]it ia] 1 irl a sirll~llat~(l arlrlcdlitl~, l)rocc(lur-c (1’rtss ct a] 1(19?) ],lliclh ]rlilYilrlizes ~)(1,)])(,~11,).

Ncl]ral ],ctlv(~rlis IIIIV(. ;Ilso  I,c(li a))l~liod  to tll( r<i(li,  r Cl{!sificil(iori  ~,rc,l]llt, (Ilara (1 :11. 1994), ‘1)11(

]i((lrill rl(tw)rk ( h ’ N )  al)llrmcll II:IS ttlc a(lva IIt; I~,c of l~ci]l[,, I )11-}jariirll(tric II(J ilssllrll~lti(~rls al IOIIt tlIc

Il]l(l(rlyirlp, })ft)l)al)ilitjf strllcturc ard ]IIadc, ‘I’(I l)crrt)rill tll( ]Icural ]l([,w~)rk  (It,v,ificatic)]l, \vv CIIOW a

tlil((-lily(r, f{{(lforward IIcrlriil  rlctl~c)]k (I,il,l)]llarl]] 19S7)  aIl Ilsed IIackl,rt)l,ilp,;itiorl for trai]lirl~,, ‘1’}1{

rlc,tlv(]rk nil S a ]Il]lilllcr of]ill~ut lI{Jdcs cqlld] to t,tlv Illlrlll}(,l  (If radar  ])al;lrll((,  [>, ?0 II(Idvh  irl tllc IIid(lc]l

I;,y(r, [1]1(1 4  (~lltl)llt rlod(s (Cc,rt(sl)c,ll{lirlp, to tllc f{)l]l CI.3SS .  ir) ‘J’at)l( J ), /\s illll~l(]ji(llt((l }I(rc, t}Ic

]I(ural rlct~v(}rk  c l a s s i f i e s  C:ICII I)ixcl IIaw(] or]]y (Jrl tlic Iad:lr I):irarl)c[(rh :1~ that I)ixrl. (k)rrclatiorls

l)(tw(crl I)ixcls iirc ]Iot corlsidcrd, siri]ilar to tl](: hl I s(atist i a l  clz]ssi(ic:(ti(,ll

:{
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‘]’IIc cIcxs  stctiot Is alId tllrir ratios arc  cxl)icssc(l ill (111,  ‘1’11(  s t a t i s t i c a l ]  ;III~l IIrlllal ]Irtwork cl:lwifivrs

wt,r~, lraillt’cl alId wrlc ltlcll tcskd OII a s e t  of 64 look trsl sit{ + tlIat \vc  I( ;(d,i:lc(]lt ((I III( tcairli[lp, sites.

11((’:lLIS[ (}IC Iilo(lcl for” ]/(1, ) ]quircs t,tlc full 1111?1:,(, 111( ill] cl:issificr r;l~llt I t]):)]] hl~\}’ classific[ }vas

Ilsr(l [)11 11]( t e s t  s i t e s .  ‘1’}Ic rch(lltifip, col)fllsi(]tl IIl;it,ric(s arc slIo\v  II  ill ‘l};  IIII( :{. ‘1’11(  (JVClall  (’Iilssificaticlll

a c c u r a c y  i.s 81%  for 1)()(11  cl:i<sifi(,  rs. Jlot,l  I wrrc at)l(,  1,0 Icli;,l)jy dch~cl  f t l r f , - i t s , fclis, atld o~)c]l tv:,tcr.

lk)~,s w{rc ofktl ]llisclassificd as  fo res t .  As  c~ll] I,c SC(II ill ‘J’at)l 1, (,lIc cli;lractflis[ics of l)ogs  aIId for~-xts

al~l)ror to I)c wry silt li]ar , so  t,tlc co]lfllsio]l is ]Iot, s{lljrisirlg. \\rc  a lso  cxal[lilled (Iat:l a c q u i r e d  Cj]l May’

‘(’ ]{){)] , j~lst,  ;IS SII(J}V w,i,s IIl(]till:, ]11 I,tlis  SC(, IIC II ItIf Iy (If tllc I)ogs Iiavc vrry I(JIV I)ackscatter  rclativr tO

f(~lc’sts. ‘1’llis Sllg,p,rsts  t,llat  :Ir I i[ll]~rc)t,(.tll(rlt, if] classi(ic<iti[,rl  ,~~~lr~l~y  II,;(y I,(. ol]tai]icd I,y Ilsilig data

acq~lircd [Ii  ]Iillltil]lc ti]llcs. Sllctl titllc s e r i e s  data stlo[]]d I.IC ]Jutillcly avail:il)lf, fro]]] s~)accljorllc S~\ll,

N e x t ,  wv al)l)licd l~otl] tltc st:itist,ical aIId ]Icur;l] ]tet,work  [f cllliiqucs to tll, f’1111 ra(l:ir  jIIIa/,c.  ‘1’tlc h!],

aIId  NN  c l a s s i f i e r s  })rodt]ccd  silili la] rcsu]ts,  wi(,lj tilt ill, l)ri!t~, solrlr~vll~!t  Il(tt(r. ‘1’tlc MA1) classifier,

Ilow(,v{r, l)ro(l~lcc(l si~,]lificall(ly I)ct, trr rcsillk Sillcc  i( tal;(-,s ill[o accolIf  Il  tlII c(,]lrlatic)]l I)rt)vc(tl l)ix(l

Ial)cls, ‘J’IIc results for  (IIC hIIA1’  c l a s s i f i e r  arc  sl,o}t J, irl l’i~,llrc 1. ‘1 IIe Iii{,,ll  I)ro(lucitlf, r[lrtllallc fcl]s

a r c  slIowII ill wlli!r, \vllilc forcsk arc l)lacli, ‘J’l}r l)of; a r e a s  ar,, dark  p,ray, tilIfl  ()])ctI  wattr is lir,ll( p,ray.

htarly of tlic fells sulro~l]ld 01,(11 wakr, a s  would t,c (XI,CC(,C(I ‘1’l]c Cla<sificil{ic)ll I]]al) irl l“ig~]rc 1 i s  ill

p,(,(,d a~, Ircl IIcl  It, }I,it,l] (J[lr p, IC, II II(l  t,rll[ll i]lfor][lati[)tl.

]1’illally, i( i s  of illtc]cst t{, cxar[lillc tl]c accuracy (Jf clas: ificntiot[ Ilsitl{; (,llly t]]osr II I(S:ISLII(IIICIItS

that would  lIc avail al)lc frol[i tllc JJ;I{S-I , li,\l)Al{S~~rJ’, aII(l  };]{ S- 1 sot(llitm, IIa  IIIrly tllc t)dckscattcr

cross sect, io]is O“ at, 171111,  (:11}1, arid (;VV, ‘J’at)lc  4 SIIOLVS Ilic rcs[lltill~,, (~)llfusiotl ][latriccs f o r  hll,

class ificatiotl llsitl~ o]]ly 0[’ ]Ilcwl]rcrl]e]lts. 1,1111 r e s u l t s  drc  icry si]llil:tr 10 [lIC f[llly I)olarirllctric c a s e

ill ‘J’al)lc  3 ,  cxccl)t tl]at ttlc Class  ificat.  ic)ll c)f }~(~gs i> l e s s  a(( [Irate, ‘1’llr oifrfill accur:((y is 78( X,, a s

c(ltlll):(rc(l to (i]% for tl]r flllly l)olarltllctric case. As COTllJ):lr(i  with 11111, (~1111 (lilt El 11:1S a ]Illlctl lol~cr

Cl<tssili Ciltio]l accllrocy f o r  fvlls. C~V\7 (nc)t  sllowll) i s  qllitc sirrlilor to (~1111. ‘~’c~ tllc ri~,lll o f  tllc (;11}1

case arc IIIC rtslllts of llsill~, (w) i]ll)ut J):iral[]ctr]s, II; II II(ly, 1,} 111 atld t Ilc (~11 11/11 [11 ratio, ‘J’tir rcslllts

ale quite silllil;ir tc] tllc 1,111! cas(. ill ‘J’al)l(,  4, CXCCI II tll al, tlc l~c)g (Iw>iflc:lti{]tl i s  sli~, }jlly il[ll~rovc,d.

‘Jb tllr ri~,llt of this casr alc tllr rcs~]lts  (~1111 arid (;\r\~/(;ll I l .  ‘I’l Ic rmlllt:, ill{ sill ]il;ir t.c)  tllc C:l Sr of

IIsillp,  ol]ly (:1111 or (UVV. ‘J’lic accuracy of t,lic  fo](st r’lassific::lioll is low(r 1)11( c]assificatioll o f  fells, a]ld

]Jart,  iclllilrly t)or,s, is itllllrovcd. ITill;(lly, rcsLilts f o r  141111,  (;ll}l/llllll)  illl(l [~l)ll/(J\~\r alc Sll(llvll at tllc

far r i g h t  ir] ‘J’al)lc  4 alId arc  si]llil:ir (0 usirlg 1,}111 O]lly,  cxc(ljt [lIat tllc accliracy (,f tllc t,of, Classificatio]l

i s  irlll)rov((l. ‘J’IIc ov(ral] accur{icy i s  81(%, idc]ltical to (IIC fully I)olarilljctlic (aw for botlI hll, and hTN

classi{icrs. WC also used tllcsr ~~ara]llrtcrs for h4 Al] (Iassific;!l,ic)ll of LIIP c]lti](, i]lla~,c (110( S] IOJVIl)  :111(1



fouil(l rcsul[s very sir[lilar (c] l’igurc 1

5 Conclusions

WC acq~lircd  Al I{SA1{ d a t a  o v e r  various Alas!ia II IIor-cal  cc<,syst,cllls  as l)tirt of aII cfloi-t to e v a l u a t e

tllc },otc]]tial o f  SAI{ it] cc.osystclll  l)rc)ccss s(udics v(llicll rcqllirc classificati(~]l of vegc~atio]l tyl)cs arid

]Jrcsc]icc  or almllcc of slalldi]lg water. \Vc exal]li]lcd tile ]IIL]lI  i- frcqucllcy, ]]l~llt i- ljolari71atio11  si~)llaturcs

o r  foU1- Vq,cta(,roll  Cla.%scs: Ill)lalld forcsk a]ld Lall  sllrul)larlds, sllruh l)ogs, o~)c])  ~vatcr,  a~id fc]ls. ‘I’l ICSC

rallgc frolll IIcar z e r o  [ilctllallc cl]lissioll to very }Iigll Illetll:itlc crilissiotl. lJsitlp,  flllly l)c]lari]llct, ric 1,- a]ld

(; t~al]d (Ii{ta,  Lt)c h4axiIl]utll a }’osfc7iori c l a s s i f i c a t i o n )  IIICLII d ~)rodllced  {I,(,od results, scl)aratirlg,  all

four classes, ‘1’llc  IIigll ]t]ctl]allc Clllitti]]g fell claw was  I)articlllar]y wtll scl,atattd. ‘I’l Ic least accllratc]y

classified class WM hop,sl dlle to tllcir sirllilarity to fc~r(sk. It was llotf>d  that Ilsr of data at ot, tier tilrtcs

. . .of t,l)c .yt.ar ]IIay l]llI]rovt~  t,l Ic cla. wIIIcatIo II of 1)0/, s. ‘J’llis ~]ossil,i]il,y SIIOUI(l  t)< f(]r(}l{r i]lvcstiga(cd usi]]g

sat, cl]itc SAIL data.

‘lists were  ru]l to dckr][lil]c  w}lctllcr I]arar]]ctcrs avai]at)lc fro]rl o]tc  or III[lJv Ilc,fi-l)c)l:tritllctric radars

collld a l s o  I)c u s e d  k) scl]ar;ltc tlllr fo(lr vcgctat io]l cltlssm, ‘1’]Ic c.lassificatio[l results (Isi]lg otlly tile

lj}lll,  (;1111,  alId (;\~V c r o s s  srctio]l d a t a  w e r e  vcly silllilar  to tllc fully  ]~olarilrlctric  c a s e .  l“urtlicrll]ore,

accl]ratc  cla,ssificatio]l  o f  fe l l s ,  w’atlrl, and f o r e s t  Wil\ ol)tail),,(I  usi]!p,  l,I; II d:, ta oiIly. ‘J’lIwc  r<s~llts

co]lfir]]l t,llc  utility of SAI{ d?lt,:i ill ]]lcttla]lc CXC]Ia  II~,C  st, ucli(  s aII(l  SLIgp,CSL  IIlat uscf(]l rcsu]ts  call t)c

ol)tai]icd witlll systcrlls  tlla(l are  a l r e a d y  iii c] I]cr;itiorl or wil l  1), ill tllc Ilcar  flltur(,.

‘J’l)is w o r k  was  I)crfc,r]llcd I)y t,llc  Jct, }’rol)~llsioll l,;ll)o]a[,c,rj , ~alifo]]lia Ir]:titlltc of ‘J’cc}l[lolop,y,  llIi-

(Icr  co]ltrac(, wit}l ttlc iNatio]lal Acrorla L]t, ics arid SI);LCC Adrl)irlistratioll ( N A S A ) ,  and })y N A S A  AI IICS

llcscarcll (kllkr, l’ufldi]lg w a s  l,]mvidd l)y ttlc N A S A  l’olal a]ld lcc)lo~,ical I’IOCCSSCS  aIICl Nlo(lc]j,]p,

l’ro~)ral[ls,
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]1’i~ur{! Ca})l)ions

IJi:,urc 1 .  (~lassificatiol} c)f fully ])olarilllctric 1,- alicl (~-t)a]l,i i] fla?,cry  l]sil{~,  il ,\l) Cl:lssificr. IIlacti i s

forfst alI(l  tall slirul). l)ark gray is  sllrut) })og.  IJigll( gI<iy  is 0[,111 wat{] , alI(l  w’tlitc is fell.



( ~1 ass

1 ) l“orcst
2) IIc)g

3) Water

4) 1“[’11

c:lass lkscri])tiotl l)rnil)a~,c Nlctl  IaIIe  IIlrlissioll

(III:, I l l- 2 lit-- 1)

1 ) 1“01’CSL deciduous aIId conifcrolls forests WC]] drairi ccl 0.0

tall alder afId willow sllrul)la]l(ls

?) lk)g l)lacti s~)rucc slid s]lrut] l,op,s I)oor 0.4

wi th  tussc]cks

3) Wat4cr opcII w a t e r  iii lakes  arid  l)oIIds 1.0

4) l“elk hert)acmus  grasses aIIci sedp;cs ])oor 20.0

‘Ihl,le 1: \Jegctati(, Ii Classes

Jj-t)arld

~;[ll u:, ,, 1’1{, IJl)lt

((11]) ((lIi) ((11{) ((11)) (d;)).) ((;;;)

-7.9 -8.3 0.4 -6.7 0.34 4

-7.8 -7.7 -0.1 -7,0 0.39 .],;

-27.7 - 2 5 . 4 -2.3 -10.0 0.37 -1s

-14.7 -13.7 -1.() -7.6 0.?7 3 I

C-l]a]]d

dill 0 : . , , , I’IL l,l)lt p [}

((1}1) ((II!) ((111) ([le~,)

-5,4 -fi.o 0.6 -6.2 0.41 -4

-4.1 .[),.J 0.9 -6.9 0,35 -3
-23.7 2?:).:1 -1.4 -6.5 0.26 -7
.5,4 -:), -’b 0.4 -7.3 0.25 52

‘J’al)lc  2 :  Mcall l{aclar l’ararllcters for tlie \/cgclatioII  (;lasscs

‘J’rll(’
claw

1
?
3
4

Asscssc(l  (:]Ei<S

M I ’

1 2 3 4

61 17 0 0

23 30 0 5

Asse.sr(l (~l:Iss
NN

1 ? 3 4

75 3 0 0

24 32 0 7

0 0 M 1 0 (1 ~ ,4 1

13 12 0 165 ~ 13 30 0 14’/

‘1’al)lc  3 :  Co]lflisioli hlatriccs f o r  M], and NTN llsillp, l’(llaril]]ctric ])ata




